The chemical composition of the essential oil of Inula viscosa (L.) leaves, obtained by both hydrodistillation and steam distillation, was investigated by GC-MS. The major components for hydrodistillation were: 12-carboxyeudesma-3,11 (13) diene (28.88%); linolenic acid (7.80%); palmitic acid (5.38%); butyl hydroxy toluene (4.11%) and fokienol (3.37%), while for steam distillation were: 12-carboxyeudesma-3,11 (13) diene (56.81%); 2,3-didehydrocostic acid (3.25%); butyl hydroxy toluene (2.63%) and pentacosane (2.31%).
Introduction
Plants have always been part of the daily life of man, since it is used for food, medicine and sometimes in religious rites. Numerous plant extracts were already known and used by Egyptians, Romans and Greeks, for their scent and medicinal properties. The Mediterranean climate of Algeria encourages the development of savage plants, unfortunately among the species that has Algerian flora, until now, only few have been studied. The valorization of these natural resources is based on the extraction of their essential oils which are used in pharmaceutical, cosmetic and food industries.
Inula viscosa that belongs to Asteraceae family is a strong smelling plant. Woody at the base, I. viscosa presents at the top of the stem numerous yellow flowered heads. It is widely used in traditional medicine in Algeria, especially in farming areas for the treatment of various diseases such as bronchitis, diabetes and injuries.
Several studies on the chemical composition of the essential oil of I. viscosa have been previously reported, Turkish (Perez-Alonso and Velasco-Negueruela, 1996) , Spanish (Camacho et al., 2000) , Italian (Chiarlo, 1968 and De laurentis et al., 2002) and French (Blanc et al., 2006) species. However, almost all of these published essential oil compositions were different from each other. Therefore, the aim of this study is to determine the chemical composition of the essential oil of I. viscosa (L.) growing in Algeria by GC/MS analyses, and to make the comparison with the literature. 
GC-MS analysis conditions
Gas chromatography-mass spectroscopy (GC-MS) analyses of oil samples were carried out on a Hewlett-Packard 6890N gas chromatograph coupled to a HP 5973 mass selective detector (MSD). A HP5 column (30 m · 0.32 mm film thickness 0.25 lm) was used. The analysis was performed using the following temperature program: oven isotherm at 35°C for 5 min then from 35 to 250°C at 6°C/min. Helium was used as the carrier gas at 1 ml/min flow rate. The injector and detector temperatures were held, respectively, at 250°C. Mass spectra were recorded with ionisation energy of 70 eV and interface temperature of 280°C.
Identification of components
The identification of the oil constituents was based on a comparison of their retention indices relative to (C 10 -C 24 ) n-alkanes with those of literature. Further identification was made by matching their recorded mass spectra with those stored in the NIST mass spectral library of the GC-MS data system or with the published mass spectra (Adams, 2007) .
Results and discussion
The yields of I. viscosa essential oils obtained by hydrodistillation and steam distillation were 0.148% (w/w) and 0.453% (w/ w), respectively. Thirty-three compounds of the total oil were identified, representing 86.57% and 83.66% for the two used extraction methods, respectively. Its main compounds were 12-carboxyeudesma-3,11 (13) diene (28.88%); linolenic acid (7.80%); pentacosane (5.43%); n-hexadecanoic acid (5.38%); heptacosane (4.82%); butyl hydroxy toluene (4.11%) and fokienol (3.37%) for hydrodistillated oil. While for the steam distillated essential oil the mains percentages were 12-carboxyeudesma-3,11 (13) diene (56.81%); 2,3-didehydrocostic acid (3.25%); butyl hydroxy toluene (2.63%); pentacosane (2.31%); heptacosane (2.09%); n-hexadecanoic acid (1.91%) and fokienol (1.89%).
To our knowledge, this is the first report on the composition of the essential oil from Algerian I. viscosa. The chemical composition for the two oils (Table 1) is characterized by high amounts of oxygenated sesquiterpenes (46.7-72.98%), the steam distillation gives a higher yield (0.257%) of 12-carboxyeudesma-3,11 (13) diene compared to hydrodistillation (0.043%); almost 6 times more.
The essential oil of I. viscosa (L.) contains compounds of interesting biological properties. Some authors stated that 12-carboxyeudesma-3,11 (13) diene has an antifungal (Shtacher and Kashman, 1970; Cafarchia et al., 2002) and antimicrobial activity (Blanc et al., 2006) . n-Hexadecanoic acid was found to have an antioxidant and antimicrobial activity (Bodoprost and Rosemeyer, 2007) and a larvicidal effect on Rhizopertha dominica (Falodun et al., 2009) . Ogunlesi et al. (2009) communicated the anti-inflammatory activity of phytol. Therefore, according to Hernandez et al. (2005) the sesquiterpene acid ''2,3-didehydrocostic acid'' has an anti-inflammatory activity. This could well explain the importance of the I. viscosa (L.) in the traditional Algerian pharmacopeia.
The Fig. 1 presents the yield of major compounds given by hydrodistillation (HD) and steam distillation (SD). It is noticed that SD gives higher quantities of butyl hydroxy toluene and fokienol, compared to the HD, conversely for the compounds: linolenic acid, phytol. However, the 2,3-didehydrocostic acid exists only in the oil obtained by SD, contrary for the 9,12-octadecadienoic acid which exists only in the HD, for nhexadecanoic acid the two extraction methods give the same quantities. The extraction method influenced the composition of the essential oil; therefore, the choice of method depends on the field of the essential oil use.
This investigation is different to those found in some oils from Turkey (Perez-Alonso and Velasco-Negueruela, 1996) (25.2% borneol, 22.5% isobornyl acetate and 19.5% bornyl acetate), Spain (Camacho et al., 2000) (38.8% fokienol and 7.71% nerolidol) and France (Blanc et al., 2006 ) (21.1% fokienol, 8.6% nerolidol and 6.2% eudesm-6-en-4a-ol), but in accordance with the oil of Italy (De laurentis et al., 2002) (62.37% 12-Carboxyeudesma-3,11 (13) diene). Probably this difference is caused by the ecological factors and genetic variations.
Conclusion
The results presented in this study are the first given informations on the chemical composition of essential oil from the Algerian I. viscosa leaves. It showed that oxygenated sesquiterpenes are the major fraction for the two extraction methods (46.7-72.98%), and the I. viscosa essential oil can be a good source of sesquiterpenes acids compounds.
The considerable reported biological activities of I. viscosa essential oils make them good candidates to develop naturalderived therapeutics. It might be also, an alternative additive for foods and pharmaceuticals preparations. For future works, we will try to isolate 12-carboxyeudesma-3,11 (13) diene and to study some biological activities in order to find its applications.
